
Draft Environmental Impact Statement for the Port Delfin LNG Project Deepwater Port Application 

 

Appendix N 

Delfin LNG Revised Underwater Acoustic Modeling Analysis  



 

 

Date: 28 June 2016 

To: William Daughdrill, Director, Health, Safety and Environment, Fairwood Peninsula 
Energy Corporation 

From: Jeffrey Martin, Senior Technologies Manager, Ocean Sound and Marine Life Services, 
CSA Ocean Sciences Inc.  

Re: Impact Calculations  

 

Injury and behavior zones of influence (ZOI) were calculated based on unmitigated source levels 
for impact-driven 78-inch steel pipe pilings.   Affected area radii representing potential 
behavioral disruption to fish and marine mammals were calculated using the root mean square 
(rms) of the anticipated sound pressure level (SPL) at the source.  

SPLrms is primarily used in the assessment of the effects of underwater sound on marine 
mammals and fish. The SPLrms is the square root of the sum of the squares of the pressure 
contained within a defined period from the initial time to a final time (Equation 1). (Caltrans 
2009, Robinson et al., 2014).    

Equation 1: 
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Where: 

 p2 = pressure; 
 d = difference; 
 ti = initial time; and 
 tf = final time. 

Further, Sound Exposure Level (SEL) is the constant sound level in one second, which has the 
same amount of acoustic energy as the original time-varying sound (i.e., the total energy of an 
event). SEL is calculated by summing the cumulative pressure squared over the time of the 
event. The accumulation of exposure over a designated period of time or number of instances of 
a sound is termed Cumulative SEL (cSEL).  cSEL is used for injury metrics in fish (GARFO, 
2016) and in newer impact metrics for marine mammals (NOAA 2016).  cSEL can be estimated 
from a representative single-strike SEL value and the number of strikes that likely would be 
required to place the pile at its final depth by using the following equation: 
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cSEL = SEL + 10 log (# of pile strikes)  
 
It was estimated in the original application that 3600 pile strikes would occur per day.  
 
To determine the affected area, the transmission loss (TL) of the sound was computed across 
varying ranges from the source. The practical spreading equation (Equation 2) was used to 
determine the amount of sound loss. 
 

Equation 2: 
ܮܶ ൌ 15 logଵ  ݎ

Where: r = range (m). 
  

In order to determine propagation distances, the source SPL must be determined.   No directly 
comparable SPL measurement references were found for the proposed 78-inch steel pile.  
Therefore, measurements from piling of  96-inch Cast-in-Steel-Shell (CISS) piles for the 
Benicia-Martinez Bridge were used as proxies for the impact analysis (ICF Jones & Stokes and 
Illingworth and Rodkin Inc. 2009; Caltrans 2015).  In order to account for the smaller pile 
diameter considered in this analysis, the 96-inch proxy measurements were reduced by 5dB to 
estimate the source level of the 78-inch piles.   This modified source level was then carried 
through the propagation calculations to determine impact radii (Table 1).   This follows the 
guidance set forth in the NMFS pile driving impact calculation guidance (GARFO, 2016). No 
other modifications in the calculations were made    
 

Table 1. Estimated sound pressure levels produced by a 78-inch steel pile calculated for seven 
propagation distances 

 
Propagation distance for  
78-inch steel pile  

SPL0-p 

(dB re 1µ Pa) 
SPLRMS  

(dB re 1µ Pa) 
SEL 

(1-sec dB re 1µ Pa) 

5 meters 220 205 194

10 meters 215 200 189

20 meters 210 195 184

50 meters 205 190 179

100 meters 200 185 174

500 meters 190 175 164

1000 meters 185 170 159
 
The SPLs selected for the ZOI radii calculations are based on accepted threshold criteria described in 
Table 2.    
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Table 2. Threshold levels used to determine ZOI radii. 

Criterion	 Definition	 Metric	 Threshold	
Cetaceans1	
Behavior	 Impulsive	source		 SPLrms	 160	dB	re	1	µPa	
Injury	 Impulsive	source	 SPLrms	 180	dB	re	1	µPa	
Fish2	
Behavior	 Impulsive	or	continuous	source	 SPLrms	 150	dB	re	1	µPa	
Injury		 Peak	sound	pressure	level	(SPLpeak)	 SPLpeak	 206	dB	re	1	µPa		

Injury	
Injury	>2	g	fish	size	for	cumulative	sound	exposure	level	over	
12	hours	

SELcum	 187	dB	re	1	µPa2·s		

Injury	
Injury	<2	g	fish	size	for	cumulative	sound	exposure	level over	
12	hours	

SELcum	 183	dB	re	1	µPa2·s		

1. Based on current regulatory criteria (NOAA, 2005).  Newer threshold criteria is currently proposed by NMFS (NOAA 2016) but have not yet 
been accepted for regulatory purposes.  
2.  Based on GARFO 2016, available at: http://www.greateratlantic.fisheries.noaa.gov/protected/section7/guidance/consultation/index.html 
 

 
The calculated propagation radii for an unmitigated 78-inch steel pile are listed in Table 3 and 
graphically displayed in Figures 1 through 5.   The figures are shown to visually represent the 
calculations described above.   Other parameters that influence the propagation and attenuation 
of sound underwater such as water depth, sediment type, sound speed profile, etc. were not 
accounted for in this exercise.  
 

Table 3.   Estimated distances to species threshold levels for an unmitigated 78-inch pile  

FISH 

Onset of physical injury 
Onset of behavioral 

effects 

Distance to 
206 dB 

(SPLpeak) 

Distance to 
cSEL of 187 
dB (injury for 
fish >2g)

Distance to 
cSEL of 183 
dB (injury for 
fish <2g)

150 dBrms 

Distance from source (78" Steel Pile) 40 m 3193 m 3,981 m 21,544 m 

CETACEANS 180 dBrms 160 dBrms 

Distance from source (78" Steel Pile) 215 m 4,642 m 
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Figure 1.  Cetacean behavioral threshold radii for the160dBrms isopleths surrounding the pile locations.  
The noise propagation distances depicted are based on a non-mitigated impulsive source.  

 



CSA Ocean Sciences Inc. 5 28 June 2016 

 

Figure 2.  Cetacean injury threshold radii for the180dBrms isopleths surrounding the pile locations.  The 
noise propagation distances depicted are based on a non-mitigated impulsive source.  
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Figure 3.  Fish (based on calculations for salmonids and sturgeon) behavioral threshold radii for 
the150dBrms isopleths surrounding the pile locations.  The noise propagation distances depicted are based 
on a non-mitigated impulsive source.  
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Figure 4.  Fish  injury threshold (based on calculations for salmonids and sturgeon) radii for cumulative 
sound exposures.  The 187 dB  and 183 dB  isopleths surrounding the pile locations relate to injury 
thresholds for fish weighing greater than 2g and fish weighing less than or equal to 2 g. respectively.   The 
noise propagation distances depicted are based on a non-mitigated impulsive source.  
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Figure 5.  Fish injury threshold (based on calculations for salmonids and sturgeon) radii for the 206dBpeak 

isopleths surrounding the pile locations.  The noise propagation distances depicted are based on a non-
mitigated impulsive source.  



CSA Ocean Sciences Inc. 9 28 June 2016 

REFERENCES 

California department of transportation (Caltrans). 2015. Technical guidance for assessment an 
mitigation of the hydroacoustic effects of pile driving on fish. Report No CTHWANP-RT-
15-306.01.01. November. 

ICF Jones & Stokes and Illingworth and Rodkin Inc. 2009. Final technical guidance for 
assessment and mitigation of the hydroacoustic effects of pile driving on fish. Prepared for 
the California Department of Transportation. 

Greater Atlantic Region Fisheries Office (GARFO). 2016.   GARFO Acoustics Tool: 
Analyzing the effects of pile driving on ESA-listed species in the Greater Atlantic Region. 
Available at: 
http://www.greateratlantic.fisheries.noaa.gov/protected/section7/guidance/consultation/inde
x.html 

National Oceanographic and Atmospheric Administration (NOAA).  2005.  Interim sound 
threshold guidance.  Available at: 
http://www.westcoast.fisheries.noaa.gov/protected_species/marine_mammals/threshold_gui
dance.html 

National Oceanographic and Atmospheric Administration (NOAA).  2016.  Document 
containing proposed changes to: Draft guidance for assessing the effects of anthropogenic 
sound on marine mammal hearing: underwater acoustic threshold levels for onset of 
permanent and temporary threshold shifts.  Available at: 
http://www.nmfs.noaa.gov/pr/acoustics/draft_guidance_march_2016_.pdf 

Robinson, S. P., P. A. Lepper, and R. A. Hazelwood. 2014.  Good Practice Guide for 
Underwater Noise Measurement. National Measurement Office, Marine Scotland, The 
Crown Estate.  NPL Good Practice Guide No. 133, ISSN: 1368-6550 


	Volume I
	COVER
	Title Page
	Abstract
	EXECUTIVE SUMMARY
	Introduction
	Description of the Proposed Action
	Public Involvement
	Alternatives Considered
	Proposed Project Impacts 
	Water Resources
	Biological Resources
	Essential Fish Habitat
	Geological Resources
	Cultural Resources
	Ocean Use, Land Use, Recreation, and Visual Resources
	Transportation
	Air Quality
	Noise
	Socioeconomics
	Safety
	Cumulative Impacts


	Table of Contents
	List of Appendices
	List of Tables
	List of Figures
	Quick Reference
	List of Acronyms and Abbreviations
	1.0 INTRODUCTION
	Figure 1-1. Project Location Map
	1.1 Deepwater Port Regulatory Criteria
	1.1.1 LNG Export Authorization

	1.2 Purpose and Need
	1.3 Scope and Organization of the Draft EIS
	1.4 Public Review and Comment
	1.5 Permits, Approvals, and Regulatory Requirements
	1.5.1 Provisions of the Endangered Species Act (ESA)
	1.5.2 Provisions of Magnuson-Stevens Fishery Conservation and Management Act 
	1.5.3 Provisions of the Marine Mammal Protection Act 
	1.5.4 Provisions of the National Historic Preservation Act 
	1.5.5 Marine Protection, Research, and Sanctuaries Act 
	1.5.6 Coastal Zone Management Act 
	1.5.7 Clean Water Act 
	1.5.8 Clean Air Act 
	1.5.8.1 New Source Review/Prevention of Significant Deterioration 
	1.5.8.2 Title V Permits
	1.5.8.3 General Conformity

	1.5.9 Migratory Bird Treaty Act 
	1.5.10 Bald and Golden Eagle Protection Act 
	1.5.11 Oil Pollution Act
	1.5.12 Archeological Resources Protection Act 
	1.5.13 Native American Graves Protection and Repatriation Act 


	2.0 DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES
	2.1 Introduction
	2.2 Detailed Description of the Proposed Action
	2.2.1 Lease Blocks and Overall Site Plan
	Table 2.2-1. Lease Block Information

	2.2.2 Existing Pipeline Infrastructure
	2.2.2.1 Former UTOS Pipeline
	2.2.2.2 Existing HIOS Pipeline

	2.2.3 WC 167 Offshore Manifold Platform Bypass
	2.2.4 Pipeline Laterals
	2.2.5 Mooring Systems
	2.2.5.1 FLNGV Mooring System
	Figure 2.2-1. General Arrangement of the Tower Yoke Mooring System
	Figure 2.2-2. Floating Liquefied Natural Gas Vessel on a Tower Yoke Mooring System

	2.2.5.2 Offloading Mooring
	Figure 2.2-3. Side-by-Side Mooring Plan, 3.0 MMtpa FLNGV New-Build Hull with LNGC

	2.2.5.3 Service Vessel Mooring

	2.2.6 Floating LNG Vessels
	Figure 2.2-4. Artist’s Rendering of Port Delfin Layout

	2.2.7 LNG Carriers
	Table 2.2-2. Offloading Sequence

	2.2.8 Onshore Facilities
	2.2.8.1 Meter Station
	2.2.8.2 Compressor Station
	2.2.8.3 UTOS Onshore Pipeline
	2.2.8.4 Gas Supply Header

	2.2.9 Construction and Installation
	2.2.9.1 Offshore Facilities
	Table 2.2-3. Moored Vessel Operations and Anchor Activity
	WC 167 Bypass
	Table 2.2-4. Pipeline Lateral and WC 167 Bypass Impacts

	Pipeline Laterals
	TYMS
	Table 2.2-5. TYMS Installation Impacts

	Service Vessel Mooring

	2.2.9.2 Delfin Onshore Facility
	Aboveground Facilities
	Gas Supply Header
	Figure 2.2-5. Typical Pipeline Construction Sequence



	2.2.10 Operations
	2.2.10.1 Offshore Facilities
	FLNGV Operations
	Figure 2.2-6. FLNGV Liquefaction Technology

	Support Vessels and Helicopters
	Maritime, Safety, and Related Matters

	2.2.10.2 Delfin Onshore Facility

	2.2.11 Decommissioning
	2.2.12 Best Management Practices

	2.3 Alternatives
	Table 2.3-1. Summary of Alternatives Considered
	2.3.1 Alternative Deepwater Port Designs
	Table 2.3-2. Environmental Evaluation of the Proposed Deepwater Port Design Alternatives a/
	Gravity-Based Structure
	Fixed Platform-Based Unit
	Floating HiLoad Port 
	Floating LNG Vessel (FLNGV) 

	2.3.1.1 Alternative Deepwater Port Design Evaluation
	General Environmental Effects
	Visual Impacts
	Water Depth and Seafloor Topography
	Safety

	2.3.1.2 Alternative Deepwater Port Design Conclusions

	2.3.2 Alternative LNG Liquefaction Technologies
	2.3.3 Alternative Cooling Media
	2.3.4 Alternative Pipeline Routes
	2.3.4.1 Capacity
	Figure 2.3-1. Tier 1 Siting Criteria 

	2.3.4.2 Alternative Pipeline Route Conclusions

	2.3.5 Alternative Port Locations
	2.3.5.1 Siting Considerations
	Avoidance of Cultural Resources
	Figure 2.3-2. Tier 2 Siting Criteria
	Figure 2.3-3. Alternative Deepwater Port Locations (Part 1 of 2)
	Figure 2.3-4. Alternative Deepwater Port Locations (Part 2 of 2)

	Engineering
	Avoidance of Geologic Hazards
	Air Emissions and Noise
	Water and Sediment Quality
	Commercial and Recreational Fishing
	Wildlife and Protected Species
	Socioeconomics
	Marine Uses and Aesthetics

	2.3.5.2 Deepwater Port Location Alternatives Conclusions

	2.3.6 Alternative Use of the Existing WC 167 Offshore Manifold Platform
	2.3.7 Alternative Mooring Systems
	2.3.7.1 Permanent Mooring System
	2.3.7.2 Disconnectable Mooring System

	2.3.8 Alternative Anchoring Methods
	2.3.8.1 Alternative Anchoring Methods
	Suction Anchors
	Driven Piles
	Embedded Anchors (Fluke Anchors) 
	Gravity-Based Anchors
	Grouted Pile Anchors

	2.3.8.2 Impacts from Alternative Anchoring Methods 
	Air Emissions
	Water Use and Discharge
	Turbidity, Sedimentation, and Seafloor Impacts
	Fisheries Impacts
	Noise Impacts
	Decommissioning Impacts

	2.3.8.3 Alternative Anchoring Methods Conclusions

	2.3.9 Alternative DOF Locations
	Figure 2.3-5 Alternative Delfin Onshore Facility (DOF) Sites (Part 1 of 2)
	Figure 2.3-6. Alternative Delfin Onshore Facility (DOF) Site (Part 2 of 2)

	2.3.10 No Action Alternative
	2.3.11 Energy Alternatives

	2.4 Identification of the Agencies’ Preferred Alternative

	3.0 AFFECTED ENVIRONMENT
	3.1 Introduction
	OFFSHORE AFFECTED ENVIRONMENT
	3.2 Offshore Water Resources
	3.2.1 Definition of the Resource
	3.2.2 Laws and Regulations
	3.2.3 Required Permits
	3.2.4 Existing Threats
	Table 3.2-1. Hydrographic and Nutrient Data from Oceanographic Stations near the Proposed Project Area 

	3.2.5 Existing Conditions
	3.2.5.1 Physical Oceanography
	Bathymetry
	Wave Action
	Tides
	Winds
	Currents
	Figure 3.2-1. Currents in the Gulf of Mexico


	3.2.5.2 Coastal Environment
	3.2.5.3 Marine Environment
	3.2.5.4 Water Quality Sampling
	Figure 3.2-2. Bypass and Lateral Sample Locations
	Table 3.2-2. Detected Compounds and Elements in Marine Waters at Bypass and Lateral Sampling Locations
	Table 3.2-3. In Situ Specific Conductivity, pH, Salinity, Temperature, and Dissolved Oxygen Measurements 



	3.3 Offshore Biological Resources
	3.3.1 Definition of the Resource 
	3.3.2 Laws and Regulations
	3.3.3 Required Permits
	3.3.4 Existing Threats
	3.3.5 Offshore Threatened and Endangered Species
	Table 3.3-1. Gulf of Mexico Marine Mammal Summary with Likelihood of Occurrence 
	3.3.5.1 Marine Mammals
	Sei Whale
	Fin Whale
	Blue Whale
	Humpback Whale 
	North Atlantic Right Whale
	Sperm Whale
	Bryde’s Whale

	3.3.5.2 Sea Turtles
	Table 3.3-2. Endangered Species Act–Listed Sea Turtle Species in the Northern Gulf of Mexico
	Loggerhead Sea Turtle 
	Figure 3.3-1. Loggerhead Sea Turtle Critical Habitat

	Green Sea Turtle 
	Hawksbill Sea Turtle 
	Kemp’s Ridley Sea Turtle 
	Leatherback Sea Turtle 

	3.3.5.3 Birds
	3.3.5.4 Fish
	Gulf Sturgeon 
	Smalltooth Sawfish 


	3.3.6 Marine Protected Areas
	Figure 3.3-2. Gulf Sturgeon Critical Habitat Near the Proposed Port Delfin LNG Project

	3.3.7 Marine Mammals
	Atlantic Spotted Dolphin 
	Bottlenose Dolphin 
	Figure 3.3-3. Marine Protected Areas (MPAs) Near the Proposed Project


	3.3.8 Coastal, Marine, and Migratory Birds
	Table 3.3-3. Gulf of Mexico Seabird Summary

	3.3.9 Marine Vegetative Communities
	3.3.10 Benthic Resources
	Figure 3.3-4. Artificial and Coral Reefs near the Proposed Port Delfin LNG Project

	3.3.11 Plankton
	Table 3.3-4. Seasonability and Peak Seasonal Occurrence of Larval Fishes (<10 mm standard length)

	3.3.12 Fisheries Resources
	3.3.12.1 Managed Fisheries
	3.3.12.2 Commercial Fisheries
	Table 3.3-5. Commercial Fisheries Landings and Values for the Gulf of Mexico and Louisiana (2004 to 2013)

	3.3.12.3 Recreational Fisheries
	Table 3.3-6. Recreational Fishing Effort, Landings, and Releases in Louisiana and Texas from the Gulf of Mexico (2004 to 2013)



	3.4 Essential Fish Habitat
	Figure 3.4-1. Bluefin Tuna Habitat Area of Particular Concern Near the Proposed Port Delfin LNG Project
	3.4.1 Definition of the Resource 
	3.4.2 Laws and Regulations
	3.4.3 Required Permits
	3.4.4 Existing Threats
	3.4.5 Categories of EFH by Life Stage of Managed Species
	3.4.5.1 Managed Species with EFH in Project Area
	Table 3.4-1. Fisheries with Essential Fish Habitat in the Proposed Project Area

	3.4.5.2 Coastal Migratory Pelagics
	Table 3.4-2. Coastal Migratory Pelagics EFH 
	Figure 3.4-2. Coastal Migratory Pelagics Essential Fish Habitat within the Proposed Project Area

	3.4.5.3 Reef Fish
	Table 3.4-3. EFH for Various Life States of Selected Reef Fishes 
	Figure 3.4-3. Reef Fish Essential Fish Habitat within the Proposed Project Area

	3.4.5.4 Shrimp
	Table 3.4-4. EFH for Brown and White Shrimp 
	Figure 3.4-4. Shrimp Essential Fish Habitat within the Proposed Project Area

	3.4.5.5 Highly Migratory Species
	3.4.5.6 Eggs and Larvae within the Proposed Project Area
	Table 3.4-5. Peak Seasonal Occurrence of Larval Fishes for Select Managed Species in the Northern Gulf of Mexico
	Figure 3.4-5. SEAMAP Stations within the Proposed Project’s Area of Interest



	3.5 Offshore Geologic Resources
	3.5.1 Definition of the Resource
	3.5.2 Laws and Regulations
	3.5.3 Required Permits
	3.5.4 Existing Threats
	3.5.5 Existing Conditions
	3.5.5.1 Regional Geology
	3.5.5.2 Local Geology and Sediment Characteristics
	Table 3.5-1. Geotechnical Core Summary

	3.5.5.3 Geophysical Investigation
	Table 3.5-2. Summary of Grain Size Descriptions of Collected Cores from Bypass Segment (N–2) and Lateral Locations (N–12) 

	3.5.5.4 Geologic Hazards
	Table 3.5-3. Natural Subsurface Hazards Summary
	Faults and Seismicity
	Figure 3.5-1. Earthquake Probability

	Salt Diapirs and Karst Deposits
	Natural Gas
	Man-made Features/Paleontological Resources

	3.5.5.5 Mineral Resources
	3.5.5.6 Marine Sediment Quality
	Figure 3.5-2. Proposed Port Delfin LNG Project Dissolved Oxygen within the Northern Gulf of Mexico



	3.6 Offshore Cultural Resources
	3.6.1 Definition of the Resource
	3.6.2 Required Permits
	3.6.3 Laws and Regulations
	3.6.4 Existing Threats
	3.6.5 Existing Conditions
	3.6.5.1 Cultural Context
	3.6.5.2 Offshore Cultural Resources Assessment


	3.7 Ocean Uses, Offshore Recreation, and Offshore Visual Resources
	3.7.1 Definition of the Resource
	3.7.2 Laws and Regulations
	3.7.3 Required Permits
	3.7.4 Existing Threats
	3.7.5 Ocean Uses
	Figure 3.7-1. Existing LNG Infrastructure in the Proposed Project Area

	3.7.6 Offshore Recreation Resources
	3.7.6.1 Recreational Fishing and Boating
	Figure 3.7-2. Fishing Sites and Activity Near the Proposed Project Area
	Figure 3.7-3. The Pilot Station in Cameron, LA (left) and Venice Marina (right) – One of the Top Recreational Fishing Ports in the United States

	3.7.6.2 Artificial Reefs and Scuba Diving 
	3.7.6.3 Cruise Ships

	3.7.7 Offshore Visual Resources

	3.8 Offshore Transportation
	3.8.1 Definition of the Resource
	3.8.2 Laws and Regulations
	3.8.3 Required Permits
	3.8.4 Existing Threats
	3.8.5 Existing Conditions
	3.8.5.1 Commercial and Recreational Boating Traffic
	Table 3.8-1. Recreational Saltwater Fishing in Louisiana State Inland and Territorial Seas and the Exclusive Economic Zone (2004 to 2013) a/
	Table 3.8-2. Recreational Fishing Effort, Landings, and Releases in Louisiana and Texas from the Gulf of Mexico (2004 to 2013)

	3.8.5.2 Commercial Shipping Traffic
	Table 3.8-3. Nearby Gulf of Mexico Ports Ranked Among the Top 150 U.S. Ports by Cargo Tonnage

	3.8.5.3 Existing Traffic Lanes and Navigation
	Figure 3.8-1. Commercial Vessel Transit Density, One-Year Period: 2013



	3.9 Offshore Air Quality
	3.9.1 Definition of the Resource
	3.9.2 Laws and Regulations
	3.9.3 Required Permits
	3.9.4 Existing Threats
	3.9.5 Existing Conditions
	3.9.5.1 Regional Climate
	3.9.5.2 Existing Ambient Air Quality
	Table 3.9-1. Background Ambient Air Quality and Ambient Air Quality Standards

	3.9.5.3 Greenhouse Gases and Climate Change
	GHG Regulations



	3.10 Offshore Noise
	3.10.1 Definition of the Resource
	Table 3.10-1. A-Weighted Sound Levels for Some Common Airborne Sounds A-Weighted Level (dBA)
	Figure 3.10-1. Underwater Sound Descriptors

	3.10.2 Laws and Regulations
	3.10.3 Required Permits
	3.10.4 Existing Threats
	3.10.4.1 Underwater Noise Regulatory Criteria
	Table 3.10-2. Summary of NOAA Fisheries MMPA Criteria

	3.10.4.2 NOAA Draft Guidance for Assessing the Effects of Anthropogenic Sound on Marine Mammals
	Table 3.10-3. Marine Mammal Functional Hearing Groups from NOAA Draft Guidance
	Table 3.10-4. Proposed PTS and TTS SEL Criteria for Marine Mammals 

	3.10.4.3 Noise Exposure Criteria for Sea Turtles and Fish
	Table 3.10-5. Underwater Noise Criteria for Sea Turtles
	Table 3.10-6. Underwater Noise Criteria for Fish


	3.10.5 Existing Conditions


	ONSHORE AFFECTED ENVIRONMENT
	3.11 Onshore Water Resources
	3.11.1 Definition of the Resource
	3.11.2 Laws and Regulations
	3.11.3 Required Permits
	3.11.4 Existing Threats
	3.11.5 Existing Conditions
	3.11.5.1 Surface Water Resources
	Table 3.11-1. Waterbodies Within and Adjacent to the Proposed DOF in Cameron Parish, Louisiana a/
	Surface Water Classification and Quality
	Contaminated Sediments and Water Use

	3.11.5.2 Wetlands
	3.11.5.3 Groundwater Resources
	3.11.5.4 Floodplains


	3.12 Onshore Biological Resources
	3.12.1 Definition of the Resource
	3.12.2 Laws and Regulations
	3.12.3 Required Permits
	3.12.4 Existing Threats
	3.12.5 Onshore Threatened and Endangered Species
	3.12.5.1 Birds 
	Table 3.12-1. ESA-Listed Bird Species Occurring in Coastal Habitats of the Northern Gulf of Mexico
	Table 3.12-2. Federally Listed and State-Listed Threatened and Endangered Bird Species in Cameron Parish
	Piping Plover 
	Red Knot
	Figure 3.121. Piping Plover Critical Habitat near the Proposed DOF (USFWS 2015c)



	3.12.6 Terrestrial Mammals (Non-Endangered)
	3.12.7 Avian Resources
	3.12.7.1 Migratory Bird Treaty Act
	Table 3.12-3. Migratory Birds Potentially Occurring at the Proposed DOF


	3.12.8 Upland Vegetation
	Figure 3.12-2. Proposed DOF Land Cover
	Table 3.12-4. Vegetative Cover Types within the Proposed DOF Footprint

	3.12.9 Aquatic Resources

	3.13 Onshore Geological Resources
	3.13.1 Definition of the Resource
	3.13.2 Laws and Regulations
	3.13.3 Required Permits
	3.13.4 Existing Threats
	3.13.5 Existing Conditions
	3.13.5.1 Soil Characteristics
	Hackberry Loamy Fine Sand
	Hackberry-Mermentau Complex, Gently Undulating
	Prime Farmland Soils, Croplands, and Residential Areas
	Table 3.13-1. Soils at the Proposed Project Site
	Table 3.13-2. Soils Limitations at the Proposed Project Site


	3.13.5.2 Geologic Hazards
	Table 3.13-3. Natural Subsurface Hazards Summary
	Faults and Seismicity
	Figure 3.13-1. Probabilistic Seismic Hazard of Peak Ground Acceleration

	Soil Liquefaction
	Tsunami
	Ground Subsidence
	Flooding
	Figure 3.13-2. Mean Sea Level Trend Station 8770570 Sabine Pass, Texas

	Erosion and Landslides
	Blasting

	3.13.5.3 Mineral Resources


	3.14 Onshore Cultural Resources
	3.14.1 Definition of the Resource
	3.14.2 Laws and Regulations
	3.14.3 Required Permits
	3.14.4 Existing Threats
	3.14.5 Existing Conditions
	3.14.5.1 Cultural Context
	3.14.5.2 Onshore Cultural Resources Assessment


	3.15 Land Uses, Onshore Recreation, and Onshore Visual Resources
	3.15.1 Definition of the Resource
	3.15.2 Laws and Regulations
	3.15.3 Required Permits
	3.15.4 Existing Threats
	3.15.5 Land Uses
	3.15.6 Onshore Recreation Resources
	3.15.7 Onshore Visual Resources

	3.16 Onshore Air Quality
	3.16.1 Definition of the Resource
	3.16.2 Laws and Regulations
	3.16.3 Required Permits
	3.16.4 Existing Threats
	3.16.5 Existing Conditions
	3.16.5.1 Regional Climate
	3.16.5.2 Existing Ambient Air Quality
	Table 3.16-1. Background Ambient Air Quality and Ambient Air Quality Standards

	3.16.5.3 Greenhouse Gases
	GHG Regulations



	3.17 Onshore Noise
	3.17.1 Definition of the Resource
	3.17.2 Laws and Regulations
	Table 3.17-1. A-Weighted Sound Levels for Some Common Airborne Sounds A-Weighted Level (dBA)

	3.17.3 Required Permits
	3.17.4 Existing Threats
	3.17.5 Existing Conditions
	Table 3.17-2. Ambient Sound Level Survey Results


	3.18 Socioeconomics
	3.18.1 Definition of the Resource
	3.18.2 Laws and Regulations
	3.18.3 Required Permits
	3.18.4 Existing Threats
	3.18.5 Existing Conditions – Offshore
	3.18.5.1 Marine-Based Tourism and Recreation
	3.18.5.2 Recreational Fisheries and Boating
	Figure 3.18-1. Socioeconomic Impact Area

	3.18.5.3 Commercial Fisheries
	Table 3.18-1. Commercial Fishing Industry Employment Statistics a/

	3.18.5.4 Marine Commerce and Shipping
	3.18.5.5 Other Offshore Resources
	Figure 3.18-2. Existing Channels and Fairways in the Proposed Project Area


	3.18.6 Existing Conditions – Onshore
	3.18.6.1 Population and Demographics
	Table 3.18-2. Population Summary (2010 to 2014)

	3.18.6.2 Housing
	Table 3.18-3. Existing Housing Conditions, 2010 to 2014 Five-Year American Community Survey Estimates
	Table 3.18-4. Hotels/Motels and RV Parks in the Proposed Project Area

	3.18.6.3 Employment and Income
	Table 3.18-5. Labor Force Statistics in the Proposed Project Area (2014)
	Table 3.18-6. Occupations in the Proposed Project Area

	3.18.6.4 Land-Based Recreation and Tourism
	3.18.6.5 Public Services
	Table 3.18-7. Public Services in the Proposed Project Area

	3.18.6.6 Environmental Justice Analysis
	Table 3.18-8. Race, Ethnicity, and Poverty Levels, 2010-2014 American Community Survey 5-Year Estimates





	4.0 ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION AND ACTION ALTERNATIVES
	4.1 Introduction
	Long-Term or Short-Term
	Negligible, Minor, Moderate, or Major
	Adverse or Beneficial
	Direct or Indirect
	4.1.1 Evaluation Criteria
	Table 4.1-1. Evaluation Criteria for Determining Environmental Consequences by Resource Area 

	4.1.2 Best Management Practices and Recommendations

	OFFSHORE ENVIRONMENTAL CONSEQUENCES
	4.2 Offshore Water Resources
	4.2.1 Physical Oceanography
	4.2.1.1 Impacts of Construction
	4.2.1.2 Impacts of Operation 
	4.2.1.3 Impacts of Decommissioning

	4.2.2 Water Quality
	4.2.2.1 Impacts of Construction
	Mooring Platforms and Pipeline Construction
	Hydrostatic Testing 
	Accidental Spills and Releases

	4.2.2.2 Impacts of Operation 
	Pipeline Operations
	FLNGV Operational Withdrawals 
	Table 4.2-1. Water Balance for Withdrawals and Discharges for a Single and Four Operational FLNGVs

	FLNGV Operational Discharges
	Table 4.2-2. Marine Discharge Ports and Flow Rates for a Single FLNGV a/
	Figure 4.2-1. Schematic of Overboard Port Locations on FLNGV (Over deck water curtain discharges are not depicted)

	Ballast Water Discharge
	Table 4.2-3. Ballast Water Discharge Characteristics for FLNGVs a/

	Bilge Water Discharges
	Table 4.2-4. Bilge Water Discharge Characteristics for FLNGVs

	Scrubber Water Discharges
	Table 4.2-5. Scrubber Water Discharge Characteristics for FLNGVs 

	Sanitary Discharges
	Table 4.2-6. Sanitary Water Discharge Characteristics for FLNGVs 

	Hazardous and Nonhazardous Deck Drains
	Table 4.2-7. Hazardous Deck Drains Discharge Characteristics for FLNGVs 

	Cooling Water 
	Table 4.2-8. Essential Generator Cooling Water Discharge Characteristics for FLNGVs 

	Reverse Osmosis Reject Water
	Table 4.2-9. Reverse Osmosis Reject Water Discharge Characteristics for FLNGVs

	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills


	4.2.3 Impacts of Decommissioning 
	4.2.4 Impacts of Alternatives
	4.2.4.1 No Action Alternative
	4.2.4.2 Alternative Deepwater Port Designs
	4.2.4.3 Alternative Cooling Media 
	4.2.4.4 Alternative Pipeline Routes
	4.2.4.5 Alternative Port Locations
	4.2.4.6 Alternative Anchoring Systems

	4.2.5 Best Management Practices
	4.2.6 Recommendations and Conclusions
	Table 4.2-10. Summary of Impacts for Offshore Water Resources
	Table 4.2-10. Summary of Impacts for Offshore Water Resources (continued)


	4.3 Offshore Biological Resources
	4.3.1 Offshore Threatened and Endangered Species 
	Table 4.3-1. Impact Assessment Summary for Federal Threatened and Endangered Species in the ROI (Offshore)
	4.3.1.1 Threatened and Endangered Marine Mammals
	Impacts of Construction
	Table 4.3-2. Predicted Distances Pile-Driving Noise May Exceed Marine Mammal Effects
	Figure 4.3-1. Marine Mammals Pile-Driving Noise Levels
	Table 4.3-3. Commercial Vessel Traffic Entering Nearby Ports in 2013
	Table 4.3-4. Construction Vessel Transit Information

	Impacts of Operation 
	Impacts of Decommissioning

	4.3.1.2 Threatened and Endangered Sea Turtles
	Impacts of Construction
	Impacts of Operation 
	Impacts of Decommissioning

	4.3.1.3 Threatened and Endangered Birds
	Impacts of Construction
	Impacts of Decommissioning

	4.3.1.4 Threatened and Endangered Fishes

	4.3.2 Marine Protected Areas
	4.3.3 Marine Mammals (Non-Endangered)
	4.3.4 Coastal, Marine, and Migratory Birds
	4.3.4.1 Impacts of Construction
	Benthic Habitat
	Turbidity 
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Noise
	Vessel Traffic
	Ingestion of Marine Debris
	Entanglement
	Lighting

	4.3.4.2 Impacts of Operation 
	4.3.4.3 Impacts of Decommissioning

	4.3.5 Marine Vegetative Communities
	4.3.5.1 Impacts of Construction
	Construction Support Vessel Intake and Discharges
	Hydrostatic Test Water Discharge
	FLNGV Commissioning
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Vessel Traffic

	4.3.5.2 Impacts of Operation
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills

	4.3.5.3 Impacts of Decommissioning on Marine Vegetative Communities
	Vessel Intake and Discharges
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals


	4.3.6 Benthic Resources 
	4.3.6.1 Impacts of Construction on Benthic Resources
	Pipeline Construction
	Table 4.3-5. Summary of Studies Documenting Recovery of Soft Substrate Benthos to Equilibrium (Stage III) Community

	Mooring Structure Installation
	Small Fuel Spills during Construction 
	Soft-bottom Community 
	Hard-bottom Community (Mollusks and Crustaceans)

	4.3.6.2 Impacts of Operation on Benthic Resources
	Scour and Turbidity
	Routine Discharges
	Nonindigenous Species
	Chemical Spills during Operation
	Physical Disturbance of Soft-bottom Habitat 
	Hard-bottom Community (Mollusks and Crustaceans)

	4.3.6.3 Impacts of Decommissioning on Benthic Resources
	Soft-bottom Habitat Disturbance
	Hard-bottom Community (Mollusks and Crustaceans)


	4.3.7 Plankton
	4.3.7.1 Impacts of Construction on Plankton
	Turbidity 
	Construction Support Vessel Intake and Discharges
	Hydrostatic Test Water Discharge
	FLNGV Commissioning
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Lighting

	4.3.7.2 Impacts of Operation on Plankton
	Turbidity 
	Entrainment 
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills
	Planned and Unplanned Maintenance and Repair
	Lighting

	4.3.7.3 Impacts of Decommissioning on Plankton
	Turbidity 
	Entrainment
	Vessel Intake and Discharges
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Lighting


	4.3.8 Fisheries Resources
	4.3.8.1 Impacts of Construction on Fisheries
	Benthic Habitat
	Turbidity 
	Construction Support Vessel Intake and Discharges
	Hydrostatic Test Water Discharge
	FLNGV Commissioning
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Noise
	Vessel Traffic
	Ingestion of Marine Debris
	Entanglement 
	Lighting
	Alteration to Prey Species Abundance and Distribution

	4.3.8.2 Impacts of Operation on Fisheries
	Benthic Habitat
	Turbidity
	LNGC Ballast Water Discharge
	Routine Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	LNG Spills
	Planned and Unplanned Maintenance and Repair
	Noise
	Lighting
	Alteration to Prey Species Abundance and Distribution

	4.3.8.3 Impacts of Decommissioning on Fisheries 
	Support Vessel Intake and Discharges
	Accidental Releases of Fuel, Oil, and Other Chemicals
	Noise
	Vessel Traffic
	Alteration to Prey Species Abundance and Distribution


	4.3.9 Impacts of Alternatives
	4.3.9.1 No Action Alternative
	4.3.9.2 Alternative Deepwater Port Designs
	4.3.9.3 Alternative Cooling Media
	4.3.9.4 Alternative Pipeline Routes
	4.3.9.5 Alternative Port Locations
	4.3.9.6 Alternative Anchoring Systems
	Sediment Displacement and Increased Turbidity
	Fisheries Impacts
	Noise Impacts
	Decommissioning Impacts
	Bird Impacts
	Marine Mammal Impacts


	4.3.10 Best Management Practices
	4.3.11 Recommendations and Conclusions
	Table 4.3-6. Summary of Impacts for Offshore Biological Resources


	4.4 Essential Fish Habitat
	Table 4.4-1. Summary of Potential Impacts on EFH during Project Life Cycle
	4.4.1 Impacts of Construction
	4.4.1.1 Resuspension of Sediments/Turbidity
	4.4.1.2 Loss, Reduction, or Change of the Benthic Assemblage
	4.4.1.3 Impacts to Ichthyoplankton from Pipeline Hydrostatic Testing
	4.4.1.4 Small Spills from Support Vessels
	4.4.1.5 Effects of Construction Noise on Fish
	Pulsive Sounds
	Approach for Estimating Pile-Driving Noise Levels
	Reference Sound Source Levels
	Table 4.4-2 Estimated Sound Pressure Levels Produced by a 78-inch Steel Pile Calculated for Seven Propagation Distances

	Background Noise Levels
	Underwater Transmission Loss
	Attenuation to Effects Thresholds
	Figure 4.4-1. Pile-Driving Noise Thresholds
	Table 4.4-3. Predicted Pile-Driving Noise Threshold Limits for Fish

	Summary of Construction Noise Impacts
	Provision of Hard-Bottom Habitat
	Ingestion of Marine Debris


	4.4.2 Impacts of Operation 
	4.4.2.1 Nonindigenous Species
	4.4.2.2 Continuous Noise
	4.4.2.3 Entrainment Impacts
	4.4.2.4 Conclusions

	4.4.3 Impacts of Decommissioning
	4.4.4 Impacts of Alternatives
	4.4.4.1 No Action Alternative
	4.4.4.2 Alternative Deepwater Port Designs
	4.4.4.3 Alternative Cooling Media
	4.4.4.4 Alternative Pipeline Routes
	4.4.4.5 Alternative Port Locations
	4.4.4.6 Alternative Anchoring Systems
	Sediment Displacement and Increased Turbidity
	Effects on Managed Fisheries
	Noise Impacts
	Decommissioning Impacts
	Anchor Alternatives Conclusions


	4.4.5 Best Management Practices
	4.4.6 Recommendations and Conclusions
	Table 4.4-4. Summary of Impacts for Essential Fish Habitat


	4.5 Offshore Geological Resources
	4.5.1 Impacts of Construction
	4.5.1.1 Bottom Sediment Disturbance
	4.5.1.2 Sediments

	4.5.2 Impacts of Operation 
	4.5.3 Impacts of Decommissioning 
	4.5.4 Impacts of Alternatives
	4.5.4.1 No Action Alternative
	4.5.4.2 Alternative Deepwater Port Designs
	4.5.4.3 Alternative Cooling Media
	4.5.4.4 Alternative Pipeline Routes
	4.5.4.5 Alternative Port Locations
	4.5.4.6 Alternative Anchoring Systems

	4.5.5 Best Management Practices
	4.5.6 Recommendations and Conclusions
	Table 4.5-1. Summary of Impacts for Offshore Geological Resources


	4.6 Offshore Cultural Resources
	4.6.1 Impacts of Construction 
	4.6.2 Impacts of Operation 
	4.6.3 Impacts of Decommissioning 
	4.6.4 Impacts of Alternatives
	4.6.4.1 No Action Alternative
	4.6.4.2 Alternative Deepwater Port Designs
	4.6.4.3 Alternative Cooling Media
	4.6.4.4 Alternative Pipeline Routes
	4.6.4.5 Alternative Port Locations
	4.6.4.6 Alternative Anchoring Systems

	4.6.5 Best Management Practices
	4.6.6 Recommendations and Conclusions
	Table 4.6-1. Summary of Impacts for Offshore Cultural Resources


	4.7 Ocean Use, Offshore Recreation, and Offshore Visual Resources
	4.7.1 Ocean Uses
	4.7.1.1 Impacts of Construction
	4.7.1.2 Impacts of Operations
	4.7.1.3 Impacts of Decommissioning

	4.7.2 Recreation Resources
	4.7.2.1 Impacts of Construction
	4.7.2.2 Impacts of Operations
	4.7.2.3 Impacts of Decommissioning

	4.7.3 Visual Resources
	4.7.3.1 Impacts of Construction
	4.7.3.2 Impacts of Operations
	4.7.3.3 Impacts of Decommissioning

	4.7.4 Impacts of Alternatives
	4.7.4.1 No Action Alternative
	4.7.4.2 Alternative Deepwater Port Design
	4.7.4.3 Alternative Cooling Media
	4.7.4.4 Alternative Pipeline Routes
	4.7.4.5 Alternative Port Locations
	4.7.4.6 Alternative Anchoring Systems

	4.7.5 Best Management Practices
	4.7.6 Recommendations and Conclusions
	Table 4.7-1. Summary of Impacts for Ocean Use, Recreation, and Visual Resources


	4.8 Offshore Transportation
	4.8.1 Impacts of Construction
	4.8.2 Impacts of Operation
	Figure 4.8-1. Typical LNGC Routes

	4.8.3 Impacts of Decommissioning
	4.8.4 Impacts of Alternatives
	4.8.4.1 No Action Alternative
	4.8.4.2 Alternative Port Design
	4.8.4.3 Alternative Cooling Media
	4.8.4.4 Alternative Pipeline Routes
	4.8.4.5 Alternative Port Locations
	4.8.4.6 Alternative Anchoring Systems

	4.8.5 Best Management Practices
	4.8.6 Recommendations and Conclusions
	Table 4.8-1. Summary of Impacts for Offshore Transportation


	4.9 Offshore Air Quality
	4.9.1 Impacts of Construction
	4.9.1.1 Construction Emissions
	Table 4.9-1. Proposed WC 167 Bypass, Subsea Lateral Pipeline, and TYMS Construction Emissions


	4.9.2 Impacts of Operation
	4.9.2.1 Operation Emissions
	Stationary Source Descriptions
	Stationary Source Emissions
	Table 4.9-2. Emissions from Initial Startup and Commissioning per FLNGV 
	Table 4.9-3. Potential Emissions for Annual Operations for One FLNGV 
	Table 4.9-4. Potential Emissions for Annual Operations for Four FLNGVs
	Table 4.9-5. Total Flaring Emissions from Liquefaction Train Restart Events per FLNGV – Year 1 
	Table 4.9-6. Total Flaring Emissions from Liquefaction Train Restart Events per FLNGV – Years 2-5
	Table 4.9-7. Potential Emissions for One Annual Heavy Weather Operation (Four FLNGVs)

	Mobile Source Emissions
	Table 4.9-8. Potential Emissions for Annual Operations of Mobile Sources


	4.9.2.2 Operational Air Quality Impacts
	Model Selection
	Operating Scenarios for Modeling
	Selection of Background Monitoring Data
	Receptor Locations
	Selection of Meteorological Data
	NO2 Modeling Approach
	Model Input Parameters
	Summary of Results
	Table 4.9-11. Hoteling Scenario Results vs. PSD Class II Increments
	Table 4.9-12. Transit Scenario Results vs. PSD Class II Increments
	Table 4.9-13. Hoteling Scenario Results vs. NAAQS
	Table 4.9-14. Transit Scenario Results vs. NAAQS



	4.9.3 Impacts of Decommissioning
	4.9.4 General Conformity
	4.9.5 Greenhouse Gases and Climate Change
	4.9.5.1 Construction
	4.9.5.2 Operation
	Table 4.9-15. Operating GHG Emissions (Four FLNGVs) 

	4.9.5.3 Decommissioning

	4.9.6 Impacts of Alternatives
	4.9.6.1 No Action Alternative
	4.9.6.2 Alternative Deepwater Port Designs
	4.9.6.3 Alternative Cooling Media
	4.9.6.4 Alternative Pipeline Routes
	4.9.6.5 Alternative Port Locations
	4.9.6.6 Alternative Anchoring Methods

	4.9.7 Best Management Practices
	4.9.8 Recommendations and Conclusions
	Table 4.9-16. Summary of Impacts for Offshore Air Quality


	4.10 Offshore Noise
	4.10.1 Impacts of Construction
	Table 4.10-1. Airborne Noise Sources During Construction
	4.10.1.1 Airborne Construction Noise Impacts
	4.10.1.2 Underwater Construction Noise Impacts
	Continuous Noise
	Pulsive Sounds 


	4.10.2 Impacts of Operation
	4.10.2.1 Operation Activities
	Supply Vessels and Tugboats 
	Helicopter 
	FLNGV Operation 
	Table 4.10-2. Floating Liquefied Natural Gas Vessel Noise during Operation


	4.10.2.2 Airborne Operational Noise Impacts
	4.10.2.3 Underwater Operational Noise Impacts
	Continuous Noise
	Pulsive Sounds 

	4.10.2.4 Planned and Unplanned Maintenance and Repair

	4.10.3 Impacts of Decommissioning
	4.10.3.1 Airborne Decommissioning Noise Impacts
	4.10.3.2 Underwater Decommissioning Noise Impacts

	4.10.4 Impacts of Alternatives
	4.10.4.1 No Action Alternative
	4.10.4.2 Alternative Deepwater Port Designs
	4.10.4.3 Alternative Cooling Media
	4.10.4.4 Alternative Pipeline Routes
	4.10.4.5 Alternative Port Locations
	4.10.4.6 Alternative Anchoring Methods

	4.10.5 Best Management Practices
	4.10.6 Recommendations and Conclusions
	Table 4.10-3. Summary of Impacts for Offshore Noise



	ONSHORE ENVIRONMENTAL CONSEQUENCES
	4.11 Onshore Water Resources
	4.11.1 Surface Water Resources 
	4.11.2 Wetlands
	4.11.2.1 Construction and Operation Related Impacts to Wetlands

	4.11.3 Groundwater Resources
	4.11.4 Floodplains and Flooding
	4.11.5 Impacts of Alternatives
	4.11.5.1 No Action Alternative
	4.11.5.2 Alternative DOF Location
	4.11.5.3 Alternative Compressor Station Design

	4.11.6 Best Management Practices
	4.11.7 Recommendations and Conclusions
	Table 4.11-1. Summary of Impacts for Onshore Water Resources


	4.12 Onshore Biological Resources
	4.12.1 Onshore Threatened and Endangered Species
	Table 4.12-1. Impact Assessment Summary for Federal Threatened and Endangered Species in the Region of Influence (Onshore)
	4.12.1.1 Threatened and Endangered Birds
	Impacts of Construction
	Impacts of Operation
	Impacts of Decommissioning


	4.12.2 Terrestrial Mammals (Non-Endangered)
	4.12.2.1 Impacts of Construction
	4.12.2.2 Impacts of Operation
	4.12.2.3 Impacts of Decommissioning

	4.12.3 Avian Resources
	4.12.3.1 Impacts of Construction
	4.12.3.2 Impacts of Operation
	4.12.3.3 Impacts of Decommissioning

	4.12.4 Upland Vegetation
	4.12.4.1 Impacts of Construction
	Table 4.12-2. Acreage of Upland Vegetation within the Proposed DOF Footprint

	4.12.4.2 Impacts of Operation
	4.12.4.3 Impacts of Decommissioning

	4.12.5 Aquatic Resources
	4.12.5.1 Impacts of Construction
	Direct Loss of Wetlands
	Table 4.12-3. Acreage of Wetland Vegetation within the Proposed DOF Footprint 

	Stormwater and Sedimentation
	Fuel Spills 

	4.12.5.2 Impacts of Operation
	4.12.5.3 Impacts of Decommissioning

	4.12.6 Impacts of Alternatives
	4.12.6.1 No Action Alternative
	4.12.6.2 Alternative DOF Location
	4.12.6.3 Alternative Compressor Station Design

	4.12.7 Best Management Practices
	4.12.8 Recommendations and Conclusions
	Table 4.12-4. Summary of Impacts for Biological Resources 


	4.13 Onshore Geological Resources
	4.13.1 Impacts of Construction
	4.13.2 Impacts of Operation 
	4.13.3 Impacts of Decommissioning 
	4.13.4 Impacts of Alternatives
	4.13.4.1 No Action Alternative

	4.13.5 Best Management Practices
	4.13.6 Recommendations and Conclusions
	Table 4.13-1. Summary of Impacts for Geological Resources


	4.14 Onshore Cultural Resources
	4.14.1 Impacts of Construction 
	4.14.2 Impacts of Operation
	4.14.3 Impacts of Decommissioning 
	4.14.4 Impacts of Alternatives
	4.14.4.1 No Action Alternative
	4.14.4.2 Alternative DOF Location
	4.14.4.3 Alternative Compressor Station Design

	4.14.5 Best Management Practices
	4.14.6 Recommendations and Conclusions
	Table 4.14-1. Summary of Impacts for Cultural Resources


	4.15 Land Use, Onshore Recreation, and Onshore Visual Resources
	4.15.1 Land Uses
	4.15.1.1 Impacts of Construction
	4.15.1.2 Impacts of Operations
	4.15.1.3 Impacts of Decommissioning

	4.15.2 Recreation Resources
	4.15.2.1 Impacts of Construction
	4.15.2.2 Impacts of Operations
	4.15.2.3 Impacts of Decommissioning

	4.15.3 Visual Resources
	4.15.3.1 Impacts of Construction
	4.15.3.2 Impacts of Operations
	4.15.3.3 Impacts of Decommissioning

	4.15.4 Impacts of Alternatives
	4.15.4.1 No Action Alternative
	4.15.4.2 Alternative Deepwater Onshore Facilities Locations
	4.15.4.3 Alternative Compression Station Designs

	4.15.5 Best Management Practices
	4.15.6 Recommendations and Conclusions
	Table 4.15-1. Summary of Impacts for Land Use, Onshore Recreation, and Onshore Visual Resources


	4.16 Onshore Air Quality
	4.16.1 Impacts of Construction
	4.16.1.1 Construction Emissions
	Table 4.16-1. Proposed DOF Construction Emissions


	4.16.2 Impacts of Operation
	4.16.2.1 Operation Emissions
	Stationary Source Descriptions
	Stationary Source Emissions
	Table 4.16-2. Proposed DOF Operation Emissions


	4.16.2.2 Operational Air Quality Impacts
	Model Selection
	Operating Scenarios for Modeling
	Selection of Background Monitoring Data
	Receptor Locations
	Selection of Meteorological Data
	NO2 Modeling Approach
	Model Input Parameters
	Summary of Results
	Table 4.16-5. Proposed DOF and Cumulative Modeling Results vs. NAAQS



	4.16.3 Impacts of Decommissioning
	4.16.4 General Conformity
	4.16.5 Greenhouse Gases and Climate Change
	4.16.5.1 Construction
	4.16.5.2 Operation
	4.16.5.3 Decommissioning

	4.16.6 Impacts of Alternatives
	4.16.6.1 No Action Alternative
	4.16.6.2 Alternative DOF Location
	4.16.6.3 Alternative Compression Station Design

	4.16.7 Best Management Practices
	4.16.8 Recommendations and Conclusions
	Table 4.16-6. Summary of Impacts for Onshore Air Quality


	4.17 Onshore Noise
	4.17.1 Impacts of Construction
	Table 4.17-1. Site Preparation Construction Noise Levels at Various Distances
	Table 4.17-2. Facility Construction Noise Levels at Various Distances
	Figure 4.17-1. Ambient Noise Measurement Locations/NSA and Noise Contours

	4.17.2 Impacts of Operation
	Table 4.17-3. Unmitigated Sound Levels for Major Noise-Producing Equipment
	Table 4.17-4. Noise Mitigation Summary
	Table 4.17-5. Minimum Insertion Loss for Acoustic Pipe Lagging (dB)
	Table 4.17-6. Compressor Station Operational Noise Impacts at NSAs

	4.17.3 Impacts of Decommissioning
	4.17.4 Impacts of Alternatives
	4.17.4.1 No Action Alternative
	4.17.4.2 Alternative DOF Location
	4.17.4.3 Alternative Compression Station Design

	4.17.5 Best Management Practices
	4.17.6 Recommendations and Conclusions
	Table 4.17-7. Summary of Impacts for Noise


	4.18 Socioeconomics
	Table 4.18-1. Proposed Port Delfin LNG Project: Workforce Summary Sheet – Construction
	Table 4.18-2. Proposed Port Delfin LNG Project: Workforce Summary Sheet – Operation
	4.18.1 Onshore Economic Conditions
	4.18.1.1 Impacts of Construction
	Population and Demographics
	Housing
	Employment and Income
	Land-Based Recreation and Tourism
	Public Services


	4.18.2 Impacts of Operation
	4.18.2.1 Population and Demographics
	4.18.2.2 Housing
	4.18.2.3 Employment and Income
	4.18.2.4 Land-Based Recreation and Tourism
	4.18.2.5 Public Services

	4.18.3 Impacts of Decommissioning
	4.18.4 Offshore Economic Conditions
	4.18.4.1 Impacts of Construction
	Marine-Based Tourism and Recreation
	Recreational Fisheries
	Commercial Fisheries
	Marine Commerce and Shipping
	Other Offshore Resources

	4.18.4.2 Impacts of Operations
	Marine-Based Tourism and Recreation
	Recreational Fisheries
	Commercial Fisheries
	Marine Commerce and Shipping
	Other Offshore Resources


	4.18.5 Impacts of Decommissioning
	4.18.6 Impacts of Alternatives
	4.18.6.1 No Action Alternative
	4.18.6.2 Alternative Deepwater Port Designs
	4.18.6.3 Alternative Cooling Media
	4.18.6.4 Alternative Pipeline Routes
	4.18.6.5 Alternative Port Locations
	4.18.6.6 Alternative Anchoring Methods
	4.18.6.7 Alternative DOF Location
	4.18.6.8 Alternative Compressor Station Design

	4.18.7 Best Management Practices
	4.18.8 Recommendations and Conclusions
	Table 4.18-3. Summary of Impacts for Socioeconomic Resources

	4.18.9 Environmental Justice Impacts



	5.0 SAFETY
	5.1 Introduction
	5.2 LNG Hazards
	5.2.1 Physical Properties
	5.2.2 Thermal Radiation (Flux) Hazards
	5.2.3 Pool Fires
	5.2.4 Flammable Vapor Clouds
	5.2.5 Cryogenic Hazards
	5.2.6 Rapid Phase Transition

	5.3 Evaluation of Public Safety
	5.3.1 Safety Review Criteria
	5.3.2 Credible Range of Release Scenarios
	5.3.2.1 Site-Specific Input Data
	5.3.2.2 Direct Impact on the Public
	5.3.2.3 Bounding Case (Worst Credible Impact)

	5.3.3 Sandia National Laboratory Guidelines
	5.3.4 Impacts on Public Safety and Property
	5.3.4.1 Deepwater Port
	5.3.4.2 LNG Carriers
	5.3.4.3 Floating Liquefied Natural Gas Vessels 
	5.3.4.4 Port Security


	5.4 LNG Spill Consequence Analysis
	5.4.1 Purpose and Objectives
	5.4.2 Technical Approach
	5.4.3 Deepwater Port Potential Impact
	5.4.3.1 LNG Release Scenarios
	5.4.3.2 Thermal Radiation Zones from Pool Fires
	Table 5.4-1. Distances to Flux Radiation Levels for Accidental Scenarios
	Table 5.4-2. Distances to Flux Radiation Levels for Intentional Scenarios
	Figure 5.4-1. 5 kW/m2 Radiation Contours for Potential FLNGV Intentional 5 m2 and 12 m2 Single Tank Breach
	Figure 5.4-2. 5 kW/m2 Radiation Contours for Potential FLNGV Intentional 12 m2 Triple Tank Breach 

	5.4.3.3 Flammable Vapor Cloud Dispersion
	Table 5.4-3. LFL Distances for 1 and 2 m2 Single Tank Accidental Hole Breach
	Table 5.4-4. LFL Distances for intentional Breach Events by Hole Size (m2)
	Table 5.4-5. LFL Distances from Intentional Three-Tank Cascading Breach
	Figure 5.4-3. LFL Effect Zones for Accidental 1 m2 and 2 m2 Single-Tank Breach from FLNGV #1
	Figure 5.4-4. LFL Effect Zones for Intentional 5 m2 and 12 m2 Single-Tank Breach from the FLNGVs
	Figure 5.4-5. LFL Effect Zones for Intentional 12 m2 Three-Tank Breach from the FLNGVs 
	Table 5.4-6. Flux Radiation Distances from Intentional Three-Tank Cascading Breach 

	5.4.3.4 Summary of Risknology Findings
	Table 5.4-7. Hazard Distances, Using Nominal Case Breach Events

	5.4.3.5 Worst Credible Release Scenarios
	Table 5.4-8. Worst Credible Release Hazard Distances to 12 m3 Three-Tank Cascading Breach Events



	5.5 Marine Safety
	5.5.1 Marine Safety Standards
	5.5.1.1 Navigation Aid Systems
	5.5.1.2 Fire and Gas Detection System
	5.5.1.3 Emergency Shutdown System
	5.5.1.4 Communications System

	5.5.2 Navigational Safety Measures
	5.5.2.1 Safety Zone
	Figure 5.5-1. Typical Configuration of Navigational Safety Measures
	Figure 5.5-2. Approximate Safety Zone

	5.5.2.2 No Anchoring Area and Area to be Avoided
	5.5.2.3 Designated Anchorage Areas

	5.5.3 LNG Vessel Support
	5.5.3.1 Vessel Safety and Collision
	Table 5.5-1. Gulf of Mexico Vessel Collisions 2007 to 2014

	5.5.3.2 Mooring and Berthing
	5.5.3.3 Extreme Weather
	Figure 5.5-3. Typical LNG Trading Carrier Routes



	5.6 Offshore Pipeline Safety
	5.6.1 Offshore Pipeline Safety Standards
	5.6.2 Offshore Pipeline Incident Data
	Table 5.6-1. Offshore Natural Gas Transmission Pipeline Incident Summary by Cause

	5.6.3 Offshore Third-Party Hazards

	5.7 Reliability and Safety of Onshore Facilities and Pipelines
	5.7.1 Safety Standards
	5.7.2 Pipeline Accident Data
	Table 5.7-1. Natural Gas Transmission Pipeline Significant Incidents by Cause (1996-2015)
	Table 5.7-2. Excavation, Natural Forces, and Outside Force Incidents by Cause (1996-2015)

	5.7.3 Impact on Public Safety
	Table 5.7-3. Injuries and Fatalities – Natural Gas Transmission Pipelines
	Table 5.7-4. Nationwide Accidental Fatalities by Cause



	6.0 CUMULATIVE IMPACTS
	6.1 Past, Present, and Reasonably Foreseeable Future Actions
	6.1.1 Deepwater LNG Ports
	6.1.2 Onshore LNG Terminals
	Figure 6.1-1. Onshore LNG Facilities

	6.1.3 Oil and Gas Activity
	6.1.4 Pipeline System Projects
	6.1.5 Utilities
	6.1.6 Other Industrial Facilities
	6.1.7 Commercial and Residential Developments
	6.1.8 Federal, State, and/or Municipal Government Activities

	6.2 Potential Cumulative Impacts by Resource Area
	6.2.1 Water Resources
	6.2.2 Biological Resources
	6.2.3 Essential Fish Habitat
	6.2.4 Geological Resources
	6.2.5 Cultural Resources
	6.2.6 Ocean Use, Land Use, Recreation, and Visual Resources
	6.2.7 Transportation
	6.2.8 Air Quality
	6.2.9 Noise
	Table 6.2-1. Summary of Cumulative Noise Levels at NSAs and Expected Increase in Ldn above Existing Ldn

	6.2.10 Socioeconomics


	7.0 COASTAL ZONE CONSISTENCY
	8.0 IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES
	9.0 RELATIONSHIP BETWEEN SHORT-TERM USES AND LONG-TERM PRODUCTIVITY
	10.0 REFERENCES
	11.0 LIST OF PREPARERS
	11.1 Agency Preparers
	11.2 Contractor Preparers


	Volume II Appendices
	Cover Page
	List of Appendices
	Appendix A Public Notice
	Appendix A-1 Public Notice
	Appendix A-2 Newspaper Notices
	Appendix A-3 Scoping Comments
	Appendix A-4 Data Requests

	Appendix B Interested Party Letter & List
	Appendix B-1 Interested Party Letter
	Appendix B-2 DIP List

	Appendix C Public Meeting Transcripts
	Appendix C-1 Lake Charles Scoping Meeting Transcript
	Appendix C-2 Beaumont Scoping Meeting Transcript

	Appendix D Agency Correspondence
	Federal Agency Correspondence
	State Agency Correspondence

	Appendix E EFH Assessment
	Appendix F Delfin Wetland & Waterbody Construction & Mitigation Procedures
	Appendix G List of BMPs and Recommendations
	Appendix H Delfin LNG Soil Sediment Report
	Response to Data Gap Questions #1d and #27 of USCG Data Request of July 16, 2015
	Table of Contents
	List of Appendices
	List of Attachments
	List of Tables
	List of Figures

	Acronyms and Abbreviations
	Executive Summary
	1 Introduction
	2 Background
	3 Sample Locations
	4 Field Sampling Methods
	5 Analytical Methods
	6 Results and Discussion
	6.1 Water Column Assessment
	6.2 Sediment Assessment

	7 Conclusions
	8 References
	Appendices
	Appendix A: Sediment Core Log
	Appendix B: Photograph Log
	Appendix C: Water Sample Analysis
	Appendix D: Sediment Sample Analysis

	Attachments
	Attachment 1: Laboratory Results for: Delfin LNG Work Order: HS15120773
	Attachment 2: Laboratory Results for: Delfin LNG Work Order: HS15120747 



	Appendix I Delfin LNG Icthyoplankton Report
	1 Introduction
	2 Data Procurement and Management
	2.1 SEAMAP Program
	2.2 Study Area – Source Water Body
	2.3 SEAMAP Data Analyses
	2.4 Ichthyoplankton Densities and Taxa Composition
	2.5 Species of Concern

	3 Calculation of Potential Entrainment Estimates
	3.1 Annual Estimates

	4 Ichthyoplankton Assessment Model Methods
	4.1 Life History Tables
	Red Drum
	Red Snapper
	Bay Anchovy
	Gulf Menhaden

	4.2 Age-1 Equivalent Analysis
	4.3 Equivalent Yield Analysis
	4.4 Sensitivity Analyses

	5 Model Results
	5.1 Red Drum
	5.2 Red Snapper
	5.3 Gulf Menhaden
	5.4 Bay Anchovy
	5.5 Summary
	Red Drum
	Red Snapper
	Gulf Menhaden
	Bay Anchovy


	6 Conclusion
	7 References

	Appendix J CK Associates CORMIX Evaluation
	Appendix K  Delfin LNG Draft Operations Manual (with Emergency Response Plan and Foul Weather Plan)
	Port Operations Manual
	Foul Weather Plan
	Emergency Response Manual 

	Appendix L Delfin LNG Construction Vessel Anchoring Plan
	Appendix M Delfin LNG Unanticipated Discoveries Plan
	Appendix N Delfin LNG Revised Underwater Acoustic Modeling Analysis
	Appendix O Delfin LNG Spill and Pollution Prevention Plans
	Appendix O-1 Delfin Spill Prevention Response (SPAR) Plan for Construction
	Appendix O-2 Delfin Storm Water Pollution Prevention Plan (SWPPP) for Large ConstructionActivities

	Appendix P Delfin LNG Noxious Plant Control Plan
	Appendix Q Risknology Spill Consequences Analysis
	Appendix R Major LNG Incidents




